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L12 ANSWER 1 OF 7 USPATFULLlon STN 

AB Methods of making non-volatile field effect devices and arrays of same. 
Under one embodiment, a\ method of making a non-volatile field effect 
device includes providing a substrate with a field effect device formed 
therein. The field effect device includes a source, drain and gate with 
a f ield-modulatable channel between the source and drain. An 
electromechanically-def lectable, nanotube switching element is formed 
over the. field effect dewce . Terminals and corresponding interconnect 
are provided to correspond to each of the source, drain and gate such 
that the nanotube switching element is electrically positioned between 
one of the source, drain and gate and its corresponding terminal, and 
such that the others of saad source, drain and gate are directly 
connected to their corresponding terminals. 
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L12 ANSWER 2 OF 7 USPATFULL on STN 
AB Field effect devices having a ga 
element. Under one embodiment, a 
a source region and a drain regio: 
material and each in electrical 
terminal. A channel region of a se 



controlled via a nanotube switching 
ion-volatile transistor device includes 
of a first semiconductor type of 
imunication with a respective 
nd semiconductor type of material is 



disposed between the source and drain region. A gate structure is 
disposed over an insulator over the \channel region and has a 
corresponding terminal. A nanotube switching element is responsive to a 
first control terminal and a second qontrol terminal and is electrically 



positioned in series between the gate structure and the terminal 
corresponding to the gate structure. The nanotube switching element is 
electromechanically operable td one of an open and closed state to 
thereby open or close an electrtical communication path between the gate 
structure and its corresponding! terminal . When the nanotube switching 
element is in the closed state, 1 the channel conductivity and operation 
of the device is responsive to electrical stimulus at the terminals 
corresponding to the source and prain regions and the gate structure. 
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TI Field effect devices having a gat^s controlled via a nanotube switching 
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AB Field effect devices having la source controlled via a nanotube switching 
element. Under one embodiment, a field effect device includes a source 
region and a drain region oft a first semiconductor type and a channel 
region disposed therebetweem of a second semiconductor type. The drain 
region is connected to a corresponding terminal. A gate structure is 
disposed over the channel region and connected to a corresponding 
terminal. A nanotube switching element is responsive to a first control 
terminal and a second control| terminal and is electrically positioned in 
series between the source region and a terminal corresponding to the 
source region. The nanotube switching element is electromechanically 
operable to one of an open and closed state to thereby open or close an 
electrical communication path between the source region and its 
corresponding terminal. .When tl^e nanotube switching element is in the 
closed state, the channel conductivity and operation of the device is 
responsive to electrical stimulVis at the terminals corresponding to the 
source and drain regions and the gate structure. 
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AB Non-volatile field effect devices and circuits using same. 



non-volatile field effect device includes a source, drain and gate with 
a f ield-modulatable channel between the source and drain. Each of the 
source, drain, and gate have a corresponding terminal. An 
electromechanically-def lectable, \ nanotube switching element is 
electrically positioned between one of the source, drain and gate and 
its corresponding terminal. The others of the source, drain and gate are 
directly connected to their corresponding terminals. The nanotube 
switching element is electromechanically-def lectable in response to 
electrical stimulation at two control terminals to create one of a 
non-volatile open and non-volatile \closed electrical communication state 
between the one of the source, drain and gate and its corresponding 
terminal. Under one embodiment, one\of the two control terminals has a 
dielectric surface for contact with\the nanotube switching element when 
creating a non-volatile open state. Under one embodiment, the source, 
drain and gate may be stimulated at .any voltage level from ground to 
supply voltage, and wherein the two dontrol terminals are stimulated at 
any voltage level from ground to a switching threshold voltage larger in 
magnitude than the supply voltage. Under one embodiment, the nanotube 
switching element includes an article! made from nanofabric that is 
positioned between the two control terminals. Under one embodiment, one 
of the two control terminals is a release electrode for 
electrostatically pulling the nanotubel article out of contact with' the 
one of the source, drain and gate so as to form a non-volatile open 
state. Under one embodiment, the otherlof the two control terminals is a 
set electrode for electrostatically puiling the nanotube article into 
contact with the one of the source, draun and gate so as to form a 
non-volatile closed state. \ 
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AB Circuit arrays having cells with combinations of transistors and 

nanotube switches. Under one embodiment, a circuit array includes a 
plurality of cells arranged in an organization of words, each word 
having a plurality of bits. Each cell is responsive to a bit line, word 
line, reference line, and release line. Bit lines are arranged 
orthogonally relative to word lines and each word line and bit line are 
shared among a plurality of cells. Each cell is selectable via the 
activation of the bit line and word line. Each cell includes a field 
effect transistor coupled to a nanotube switching element. The nanotube 
switching element is switchable to at least two physical positions at 
least in part in response to electrical stimulation via the reference 
line and release line. Information state of the cell is non-volatilely 
stored via the respective physical position of the nanotube switching 
element. Under another embodiment, a circuit array includes a plurality 
of cells arranged in an organization of words, each word having a 
plurality of bits. Each cell is responsive to a bit line, word line, and 
reference line. Each word line and bit line are shared among a plurality 



of cells. Each cell is selectable via the activation of the bit line and 
word line. Each cell includes a field effect transistor and a nanotube 
switching element. Each nanotube switching element includes a nanotube 
article positioned between a set electrode and a release electrode. The 
set electrode may be electrically stimulated to electro-statically 
attract the nanotube article into contact with the set electrode and the 
release electrode may be electrically stimulated to electro-statically 
attract the nanotube article out of contact with the set electrode. 
Information state of the cell is non-volat ilely stored via the 
respective physical position of the nanotube switching element. Cells 
are arranged as pairs with the nanotube switching elements of the pair 
being cross coupled so that the set electrode of one nanotube switching 
element is coupled to the release electrode of the other and the release 
electrode of the one nanotube switching element being coupled to the set 
electrode of the other. The nanotube articles are coupled to the 
reference line, and the source of one field effect transistor of a pair 
is coupled to the set electrode to one of the two nanotube switching 
elements and the source of the other field effect transistor of the pair 
is coupled to the release electrode to the one of the two nanotube 
switching elements. 
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AB Field effect devices having ajdrain controlled via a nanotube switching 

element. Under one embodiment | a field effect device includes a source 
region and a drain region of a first semiconductor type and a channel 
region disposed therebetween of a second semiconductor type. The source 
region is connected to a corresponding terminal . A gate structure is 
disposed over the channel regi©n and connected to a corresponding 
terminal. A nanotube switching \element is responsive to a first control 
terminal and a second control terminal and is electrically positioned in 
series between the drain region! and a terminal corresponding to the 
drain region. The nanotube switching element is electromechanical ly 
operable to one of an open and closed state to thereby open or close an 
electrical communication path between the drain region and its 
corresponding terminal . When the nanotube switching element is in the 
closed state, the channel conductivity and operation of the device is 
responsive to electrical stimulus at the terminals corresponding to the 
source and drain regions and the gate structure. 

AN 2005:66694 USPATFULL 1 

TI Field effect devices having a drkin controlled via a nanotube switching 

element 1 
IN Bertin, Claude L., South Burlingtton, VT, UNITED STATES 

Rueckes, Thomas, Boston, MA, UN I 'BED STATES 

Segal, Brent M., Woburn, MA, UNITIED STATES 
PA Nantero, Inc. (U.S. corporation) T 
PI US 2005056825 Al 20050317 1 

AI US 2004-863972 Al 20040609 110) 



20030609\(60) 



PRAI US 2003-476976P 
DT Utility . 

FS APPLICATION 

LREP WILMER CUTLER PICKERING HALE 
02109 

CLMN Number of Claims: 12 
ECL Exemplary Claim: 1 
DRWN 138 Drawing Page(s) 
LN.CNT 5342 



JD DORR LLP, 60 STATE STREET, BOSTON, MA, 



L12 ANSWER 7 OF 7 USPATFULL on STN 

AB A method for forming a double density wordline. A semiconductor 

substrate having a poly layer, a first insulating layer, a first dummy 
poly layer, and a second insulating layer is provided. The second 
insulating layer and the first dummy poly layer separated by an opening 
are a first wordline mask and a second wclrdlV^nev mask respectively. A 
spacer is formed on a sidewall ojt the opening, and the opening 
is filled with a second dummy poly layegS^he/gpacer , the 

insulating laver are 
:hirjd worotarte is Composed of 
Exposed fKrs^^L^u\^td^g layer, 
first wordlim^r a/aacona wordline, 
first wordline>rf^s}A,At?ne second wordline 



mas 



second insulating layer, and the exposed 
removed to form a third wordJ.ine 
the second dummy po i 
The poly layer is 
and a third wordli 



mask, 
masks 



and the thin 




mask as etching 
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